Vitis riparia (Michaux) is native to North America and tolerates the local weather and soil conditions of south-western Ontario in Canada. A survey was done on V. riparia to elicit the distribution of pests on the species in central south-western Ontario. Eight hundred and forty four genotypes of V. riparia were observed throughout the sandy soils of five counties in Ontario (Brant, Elgin, Middlesex, Norfolk and Oxford). The location of the selected vines was labeled in the Geographic Information System (GIS). The ArcGIS program was used to make maps of the distribution of the wild grape pests, Phylloxera, Japanese beetle, Filbert gallmaker, Cane Filbert gallmaker, Tumid Filbert gallmaker and Tube Filbert gallmaker midges in those areas. The results show that the density of pests on V. riparia is more severe in some areas than others. Phylloxera and Japanese beetle were the major pests observed. Phylloxera was most prevalent and Japanese beetle least prevalent in Elgin County. The gallmaker midges were found in low densities throughout the area. The distribution of Phylloxera could be related to the soil type, and the distribution of Japanese beetle and Tumid gall midge to the land use. With Phylloxera, it appears that they prefer poor drainage soils which do not dry out readily. Whereas, Japanese beetle and Tumid gall midge prefer undisturbed soils where they can overwinter successfully.
Introduction
The River Bank Grape or Frost Grape (Vitis riparia Michaux) is a dioecious wild grape (Kevan et al., 1984) native to North America that is found throughout Nova Scotia, New Brunswick, Quebec, Ontario and Manitoba in Canada (Darbyshire, 2003) .
In Ontario, V. riparia is a host for many pests, such as Phylloxera (Daktulosphaira vitifoliae Fitch), Japanese beetle (Popillia japonica Newman), Filbert gallmaker midge (Schizomyia coryloides Walsh and Riley), Cane gallmaker midge (Ampeloglypter sesostris LeConte), Tumid gallmaker midge (Janetiella brevicauda Felt.-Johnson) and Tube gallmaker midge (Cecidomyia viticola Osten-Sacken).
Phylloxera is an endemic pest in eastern North America and attacks both wild and cultivated grapes. The root system of V. riparia is highly resistant to Phylloxera, while the leaves often carry the galls (Whiting, 2003) . Root infestations in grapes are very damaging because the galls disrupt the vascular system of the roots which causes root decay in commercial vineyards, whereas leaf galls rarely cause economic damage. Previous reports have suggested that Phylloxera is less prevalent on sandy soils and usually prefers heavy soils because the fine texture soils cracked on drying, and these openings allow the insects to crawl in and infest the root system (Lowery, 2010) . Japanese beetle is a common pest of 300 plant species, including many fruit trees and grapevines. Also, V. riparia has been used to monitor the Japanese beetle populations (Kessel, 1997) . Japanese beetle larvae over winter in the soil, and the adults emerge in the spring to feed on foliage. In contrast to Phylloxera, Japanese beetle larval density is greatest in sandy soils (Szendrei & Isaacs, 2005) , but a heavy rain can soften hard clay soils to allow Japanese beetle adults to emerge (Blackwelder, 2009 ).
Numerous species of gall midges attack grapes. Filbert gall which is caused by the gallmaker midge, rarely harm common grapes unless present in large number (Vineyard IPM Scouting Report, 2010) . Cane gall also caused by a midge is a very minor pest of common grapes. The Cane gallmaker overwinters as the adult stage in debris on the ground (Wold-Burkness, 2012a). Tumid gall, another midge which lay eggs within the unfolding bud or shoot tips. Fully developed larvae exit the gall and drop to the soil where they pupate. Midges (adults) are produced from one to three generations per year (Wold-Burkness, 2012b). Tube gall, also caused by midges, is neither very common nor harmful to vineyards.
In order to identify the distribution of the major pest species of V. riparia in south-western Ontario, V. riparia genotypes were surveyed with the hypothesis that the genotypes have equal susceptibility to pests and diseases throughout the range.
Materials and Methods
Eight hundred and forty-four genotypes of Vitis riparia were observed throughout the sandy soils of five counties (Brant, Elgin, Middlesex, Norfolk and Oxford) in south-western Ontario between June 19 and October 16, 2012 ( Table 1 ).
The collection sites were selected from the Agriculture Canada soil maps (Soil associations of sothern Ontario, 1964) . The locations of the vines were identified using GPS (Garmin, Dakota TM 20).
Most samples were selected from Norfolk County (72.2%), and the least from Middlesex (1.7%). Latitude ranged from 42° 17' 24" N in Glasgow, Elgin County to 43° 06' 36" N in Paris, Brant County. Longitude ranged from 80° 07' 12" W in Port Dover, Norfolk County to 81° 28' 48" W in New Bury, Middlesex County (Table 1) . Twenty, cuttings of each genotype were collected. Each cutting had 3-4 nodes and each node had a leaf present. Each leaf was scored for the presence of the Phylloxera gall, Filbert gall, Cane gall, and Tumid gall, and either the presence of Japanese beetle or leaf damage caused by the beetle. Also, each genotype was scored for the presence or absence of hairs on the petioles.
The location of surveyed vines (Figure 1 ) and the presence or absence of each pest species were entered into ArcGIS (10.2) software (ArcGis for desktop, 2013) and maps were made. The presence of petiole hairs was compared with the presence of individual pests using Proc. GLM (SAS. Institute, Version 9.2).
Results
Only Phylloxera and Japanese beetle were widespread ( Table 2 ). The other four pests were found at less than 5% of the sites. The highest proportion of genotypes infected by Phylloxera occurred in Elgin County, whereas, it had the lowest proportion of genotypes infected with Japanese beetle. Figure 2) . Also, 57% of the infected genotypes had glabrous to slightly pubescent petioles (glabrous to slightly pubescent petioles: pubescent, 161:124, P = 0.006). 
Discussion
The distribution of Phylloxera, Japanese beetle and Tumid gall varied across central south western Ontario. Japanese beetle and Tumid gall more prevalent in the eastern part of the region whereas Phylloxera was more present in the south of Elgin County.
The complete life cycle of Phylloxera (leaf feeding and gall producing form, gallicole) occurs on V. labrusca and V. aestivalis, but has not been found on V. riparia (Skinkis et al., 2009 ). However, Whiting (2003 has mentioned that, while the root system of V. riparia is highly resistant to Phylloxera, but the leaves often carry the galls (Whiting, 2003) . Leaf galling, if severe, reduces the photosynthetic ability of the vine, but generally is not of major concern unless there are large numbers of galls per leaf (Skinkis et al., 2009 ).
Phylloxera is not considered a pest on sandy soils, but is often found on vines growing in poor soils because their impact is greater on these vines than on vigorously growing vines (Lowery, 2010) . In our survey the soils in the eastern counties of Norfolk and southern Brant are mainly sandy loam with good drainage whereas soils in Elgin are mainly imperfect or with poor drainage (Soil associations of sothern Ontario, 1964) . This may have influenced the Phylloxera distribution, as the drainage of the soil may affect their life cycle.
In recent years, the population of Japanese beetle in Ontario has increased because it has become established in some areas of Ontario (Charbonneau & Sears, 2009) . Japanese beetle larvae develop in the soil and the females prefer moist soils to allow them to emerge and lay their eggs in. Also, they are more prevalent in sandy, sandy loam and loamy sand (Thomas, 1925) .
The distribution of Japanese beetles maybe related to the land use in the different counties. In the east (Norfolk and southern Brant) there are more horticultural crops, conservation areas and forests, where the soil is relatively undisturbed. Norfolk has the highest percentage of forested land in south-western Ontario (estimated at around 27%) (Solymár et al., 2008) .
Whereas, in Elgin County there are large areas of annual field crops where the soil is cultivated. Hence, this activity may mean that the larvae do not overwinter in those areas.
The distribution of Tumid gall midge may be related to the same factors that affect the Japanese beetle. Tumid gall eggs are laid on the leaves; the larvae develop on the leaves then drop to the ground where they pupate (Wold-Burkness, 2012b).
In conclusion, the survey suggests that the distribution of Phylloxera could be related to the soil type, and the distribution of Japanese beetle and Tumid gall midge to the land use.
With Phylloxera, it appears that they prefer poor drainage soils which do not dry out readily. Whereas, Japanese beetle and Tumid gall midge prefer undisturbed soils where they can overwinter successfully.
